Abstract
INTRODUCTION
Online defect detection for inspection of quality of fruits, vegetables and other materials is gaining importance all over. Quality inspection is very important to deliver high quality products to the customers. The uniformity in size, shape and other quality parameters of fruits, vegetables are some of the important factors in deciding the overall quality for buyer's acceptance and product value addition. In many industries, at present, grading is performed primarily by visual inspection for a particular quality attribute. Traditionally done by hand, fruit sorting and grading is a very labor-intensive aspect of the fruit processing industry. Labor shortages and a lack of overall consistency in the process resulted in a search for automated solutions. Visual quality grading remains one of the most difficult processes to automate in fruit and vegetable processing as well as in other areas of the food processing industry. Color, size and amount of defects are important aspects for inspection and grading of fresh fruits many machines have been built for the same however no machine is available for the online full defect detection because technology for full defect detection is highly complex [1].
The work initiated by Hamid Alimohamadi and Alireza Ahmadyfard for detecting skin defects in fruits using optimal Gabor filter [2] can be considered as the base of this work.
Many other approaches to defect detection have been proposed like Apple defect detection using statistical histogram [3] Ghobad moradi, Rapid color grading for fruit quality evaluation [4] Dah-Jye Lee, Study of wood defect detection by image processing [5] Hongbo Mu, Dawei Qi.
One of other problems encountered in the industry is the improper lighting and image retrieval techniques which make it even harder to detect and characterize the defects in fruits, No matter how good the equipment may be there is always a chance of unwanted and spurious lighting that may perpetuate into images. The algorithm is one of a kind to get rid of this unwanted illumination.
The algorithm focuses on image preprocessing which includes glare reduction for removing unwanted illumination changes while capturing images, plus the application of Anisotropic diffusion which enhances the edges and smoothens the texture components, in the end a 2D Gabor filter at various frequencies is applied for defect segmentation and detection. Gabor filter is apt for this problem even with glare and spurious details in images as will be seen. This paper is divided into the following sections: (1) Theoretical aspects of the proposed algorithm 
THEORETICAL ASPECTS OF PROPOSED ALGORITHM:
The steps involves in this algorithm are Binarization for mask production, mask dilation, image interpolation using mask, Anisotropic diffusion techniques (edge preserving coefficient) and optimal Gabor filtering for better result. 
Binarization
The color images are first converted into gray images and into binary using a specific threshold level which has been experimentally proved where only the glare portion or the illumination changes are left however the other parts of the image removed which produces an appropriate mask. The level of threshold for images has been found to be approximately 0.8-0.9. The mask overlaps directly onto the glare portion as we would ideally want.
The images shown below demonstrate the mask production:
(1) (1) 
Dilation of the mask
Dilation is one of the basic operations in mathematical morphology. Originally developed for binary images, it has been expanded first to grayscale images, and then to complete lattices. The dilation operation usually uses a structuring element for probing and expanding the shapes contained in the input image. To compute the dilation of a binary input image by this structuring element, we consider each of the background pixels in the input image in turn. For each background pixel (which we will call the input pixel) we superimpose the structuring element on top of the input image so that the origin of the structuring element coincides with the input pixel position. If at least one pixel in the structuring element coincides with a foreground pixel in the image underneath, then the input pixel is set to the foreground value. If all the corresponding pixels in the image are background, however, the input pixel is left at the background value. In binary morphology, dilation is a shift-invariant (translation invariant) operator, strongly related to the Minkowski addition. A binary image is viewed in mathematical morphology as a subset of a Euclidean space R d or the integer grid Z d , for some dimension d. Let E be a Euclidean space or an integer grid, a binary image in E, and B a structuring element [6] .
The dilation of A by B is defined by:
The dilation is commutative, also given by:
We have taken a structuring element of 5×5 of a disk shape which has proven appropriate for dilation of the mask produced in the previous steps
Image interpolation by using the mask
The mask produced is smoothly interpolated inward from the pixel values on the boundary of the polygon by solving Laplace's equation. The boundary pixels are not modified. The mask is used which is binary image interpolation fills in the regions in image corresponding to the nonzero pixels in the mask. If there are multiple regions, Image interpolation performs the interpolation on each region independently. Laplace's equation for interpolation is given by:
Anisotropic diffusion
Anisotropic diffusion was first proposed by Perona and Malik [7] for scale-space description of images and edge detection. This approach is basically a modification of the linear diffusion, and the continuous anisotropic diffusion formally, let denote a subset of the plane and be a family of gray scale images, then anisotropic diffusion is defined as Where Δ denotes the Laplacian, denotes the gradient, div(..) is the divergence operator and c(x,y,t) is the diffusion coefficient. C(x,y,t) controls the rate of diffusion and is usually chosen as a function of the image gradient so as to preserve edges in the image. The images are evolved towards piecewise constant images with the boundaries between the constant components being detected as edges. Thus we have used the first coefficient with small number of iterations and small value of kappa so as to effectively diffuse the image but at the same time preserve and enhance the edges which are skin defects in our case. Diffusion is applied in the north, south, east and west directions, anisotropic diffusion is suited for edge enhancement and stops diffusion across edges. It also serves the purpose of smoothening of other texture components in the fruit images fed to it there by enhancing and facilitating better defect detection.
2D Gabor filters:
In image processing, a Gabor filter, named after Dennis Gabor [8] , is a linear filter used for edge detection. Frequency and orientation representations of Gabor filters are similar to those of the human visual system, and they have been found to be particularly appropriate for texture representation and discrimination. A set of Gabor filters with different frequencies and orientations may be helpful for extracting useful features from an image. The 2D Gabor filter is applied on the image which has different scales and frequencies. The real and the imaginary parts are convoluted to form the filtered image.
The Gabor wavelet function is given as follows:
Wavelength (λ): This is the wavelength of the cosine factor of the Gabor filter kernel and here with the preferred wavelength of this filter. Its value is specified in pixels.
Orientation(s) (θ):
This parameter specifies the orientation of the normal to the parallel stripes of a Gabor function. Its value is specified in degrees. Valid values are real numbers between 0 and 360.
Phase offset(s) (φ):
The phase offset φ in the argument of the cosine factor of the Gabor function is specified in degrees. Valid values are real numbers between -180 and 180. The values 0 and 180 correspond to center-symmetric 'center-on' and 'center-off' functions, respectively, while -90 and 90 correspond to anti-symmetric.
Aspect ratio (γ):
This parameter, called more precisely the spatial aspect ratio, specifies the ellipticity of the support of the Gabor function. For γ < 1 the support is elongated in orientation of the parallel stripes of the function. Default value is γ = 0.5.
Bandwidth (b):
The half-response spatial frequency bandwidth b (in octaves) of a Gabor filter is related to the ratio σ / λ, where σ and λ are the standard deviation of the Gaussian factor of the Gabor function and the preferred wavelength, respectively, as follows:
The optimal parameters tested for skin defects have been found to be as follows: 
EXPERIMENTAL RESULTS:
The main purpose of this paper is to extract fruit external defects from images and reduction of local illumination changes. So, the proposed method was employed on fruit images. Figure 3 shows different stages of the algorithm on fruit images. In this figure, Row 1: shows the original images in different lighting conditions, Row 2: shows the mask creation, Row 3: shows the Dilation of the mask, Row 4: shows interpolation of the mask onto the original images,
